Retrovirus infection of cultured murine teratocarcinoma cells depends upon the state of differentiation. We have used two cell lines derived from a teratocarcinoma of mouse, strain 129. One, an undifferentiated pluripotential cell line (PCC4), is restrictive to viral infection, while the other, a differentiated myoblast-derived cell line (PCD1), is fully permissive to virus replication. We have shown that no virus RNA expression can be found in PCC4 cells 48 h post-infection and that no nucleic acid sequences can be found in an integrated form in PCC4 cells. However, the kinetics of formation of free proviral intermediates show that the three forms (I, II and III) of free virus DNA are synthesized in both PCC4 and PCD1. Free proviral DNA disappears gradually after 24 h in PCC4 cells while all forms increase in PCD1. These results suggest that the viral multiplication restriction occurs somewhere between the proviral DNA synthesis and integration of DNA in the cellular genome.
INTRODUCTION
Both undifferentiated embryonal carcinoma cells (EC cells) and differentiated cells derived from mouse teratocarcinoma, react differently to infection with oncogenic viruses. A strong restriction mechanism for virus replication is present in undifferentiated teratocarcinoma cell lines when EC cells are infected with either DNA tumour viruses (Swartzendruber & Lehman, 1977; Boccara & Kelly, 1978) or with RNA tumour viruses (P6ri6s et aL, 1977; Teich et al., 1978) .
We have already reported that ecotropic murine type C viruses do not multiply in several different totipotent and nullipotent mouse teratocarcinoma cells, whereas they replicate with high efficiency in differentiated cell lines derived from the same tumour (P6ri6s et aL, 1977) . The block of the replication is not due to the lack of oncornavirus penetration (Teich et aL, 1978; L. D'Auriol et al., unpublished results) . These findings have led us to examine the intracellular steps whereby the restriction of virus replication occurs. In the present study we have looked for the presence of viral sequences at different intracellular levels of retrovirus multiplication in two teratocarcinoma cell lines, an undifferentiated cell line (PCC4) and a differentiated myoblast-derived cell line (PCD1), representing virus-restrictive and viruspermissive states respectively. We have searched for both virus-specific intracellular RNA and DNA by liquid molecular hybridization and/or electrophoretic separation followed by molecular hybridization on diazobenzyloxymethyl (DBM) paper, and report that neither virus RNA nor virus DNA integrated in the cellular genome could be detected, whereas the three forms of the proviral DNA intermediates are present in restricted cells. 
Cells and viruses.
The undifferentiated cell line PCC4 and myoblast differentiated cell line PCD1, both originally derived from transplantable teratocarcinoma of mouse, strain 129, were used. Characterization of these two lines has already been reported (Jacob, 1977) . A chronically murine leukaemia virus (MuLV)-infected cell line JLSV5 (Wright & Lasfargues, 1965) was used for the production of a NB-tropic Rauscher MuLV type C retrovirus. Virus was purified as previously described (Emanoil-Ravicovitch et al., 1973) . Cells were grown in Dulbecco's modified Eagle's minimum essential medium supplemented with 10% foetal calf serum, 100 ~tg/ml streptomycin and 100/~g/ml penicillin.
Infection procedure. Twenty-four h after polybrene treatment (2/~g/ml), teratocarcinoma cells were infected with JLSV5 cell culture supernatants at an m.o.i, of 1, as determined by XC plaque assay (Rowe et al., 1970) .
Extraction of nucleic acids. The cytoplasmic RNA was extracted in NTE buffer pH 7.3 after treatment with 1% SDS and deproteinized by phenol-chloroform-isoamyl alcohol (Callahan et al., 1974) . DNA was extracted by the method of Hirt (1967) modified by Yang et al. (1980) . Virus RNA was extracted from concentrated culture supernatants as described by Callahan et al. (1974) .
Preparation of viral eDNA. Virus cDNA was synthesized on the 70S RNA using AMV polymerase (kindly provided by Dr J. W. Beard, Department of Life Sciences, Florida University, through the Franco-American Viral Oncology Program) following the procedure of Taylor et al. (1976) . For kinetic analysis of Crt and Cot, cDNA was synthesized with [3H]dTTP (50 Ci/mmol, The Radiochemical Centre, Amersham) and with [32p]dCTP (500 Ci/mmol, New England Nuclear) for hybridization after transfer to DBM paper.
Liquid hybridization. Hybridization reactions were performed in a total mixture vol. of 20/d containing 0-01M-tris pH 7-4, 0.75M-NaC1, 0.002M-EDTA and 0-05% SDS. Hybridization was initiated by heating the reaction mixture at 98 °C for 10 min, cooling on ice and incubating at 68 °C. Hybrids were tested by S~ nuclease.
Electrophoresis and molecular hybridization. Viral DNA forms were analysed by agarose gel electrophoresis followed by DBM paper transfer and molecular hybridization as described by Wahl et al. (1979) . The free viral DNA preparation from cells was sequentially separated by horizontal electrophoresis in 0.7 % agarose gel, partially depurinated and denatured by sequential acid and alkaline treatment, and transferred from the gel to DBM paper. This was then reacted with 32p-labelled cDNA from genomic RNA in a molecular hybridization mixture containing dextran sulphate and located on the paper by autoradiography at -70 ° C. The a2p-labelled eDNA was prepared by using a murine N-tropic viral 70S RNA as a template according to the calf thymus oligodeoxynucleotide procedure of Taylor et al. (1976) . Nitrobenzyloxymethyl-pyridium-chloride and DBM paper were synthesized following the procedures described by Alwine et al. (1977) .
RESULTS

Molecular hybridization kinetics for the detection of virus-specific RNA
To identify the step at which virus replication was blocked after infection of undifferentiated teratocarcinoma cells with type C retroviruses, we searched for virus expression at the transcription level. Cytoplasmic RNA was extracted from uninfected and infected cells 48 h after infection. These RNAs were then hybridized to a Rauscher virus [3H]cDNA probe. The kinetics of these molecular hybridizations are shown in Fig. 1 .
The expression of virus RNA after infection in the permissive differentiated PCD 1 cells is similar to that of the virus producer JLSV5 cell line. In contrast, no enhancement of viral 
Molecular hybridization kinetics for the detection of virus-specific DNA
Chromosomal DNA
As virus-specific RNA was not detected in undifferentiated infected cells, we searched for viral information in a DNA form. The Hirt extraction procedure was followed by liquid hybridization of the pellet DNA with Rauscher virus eDNA; the kinetics of this reassociation is shown in Fig. 2 . The eDNA hybridized to a saturation level of 75 % at Cot 7 × 103 with permissive differentiated infected PCD 1 ceils, while it hybridized only to a level of 40 % at the same Cot value in PCD1 uninfected cells. These results are in agreement with those published by Huebner et aL (1979) in a comparable cellular system. Using the non-permissive PCC4 cells, the kinetics of annealing between the input viral eDNA and the cellular genomic DNA were comparable for both infected and non-infected cells, suggesting that in most of the cells no integration of input viral information occurs.
Free proviral DNA complexes
As liquid hybridization kinetics were inconclusive (data not shown), we decided to look for virus replicative intermediates in the Hirt supernatant fraction by agarose gel electrophoresis followed by DBM paper transfer and molecular hybridization. Both permissive and non-permissive cells were infected and lysed at different times. 
DISCUSSION
In this study we have shown that newly synthesized viral RNA could not be found after infection of undifferentiated PCC4 cells with Rauscher MuLV, while it could be detected in differentiated PCD 1 cells. This confirms the report of Teich et al. (1978) who were unable to detect the presence of virus RNA in other embryonal carcinoma cell lines exposed to Moloney MuLV. As no expression of virus RNA was found in infected PCC4 cells we searched for the presence of specific proviral DNA. First, we studied the early events of proviral DNA formation and then we looked for the existence of integrated viral DNA molecules. All three forms of proviral DNA were present in both types of teratocarcinomaderived cell lines after infection with MuLV. However, in PCC4 cells the intensity of the bands was generally lower, due either to a reduced rate of synthesis of proviral molecules by the majority of the cells, or a normal rate by only some of the cells. A secondary burst of viral DNA was observed at 23 h post-infection in PCD1 cells, very probably related to the amplification of the virus infection in the permissive cultures. In contrast, the PCC4 cells (in which the virus does not grow) did not show this. The intensity of the faster migrating form I DNA in PCC4 cells (Fig. 3, 23 h ) was significantly greater than those of the slower migrating form I, while the intensity was the same in PCD 1 cells. This could be due to a difference in the regulation of the two types of supercoiled proviral forms as described by Rassart & Jolicoeur (1980) . The form III DNA found in PCC4 cells at 23 h post-infection migrated slightly faster than the DNA found at 9 and 15 h post-infection. This could be due to some structural modification of the linear proviral form possibly related to the viral restriction mechanism.
The presence of free proviral DNAs in infected cells raises a question regarding the biological role of these DNA forms. Transfection experiments using non-integrated DNA from infected PCC4 cells show that free virus DNA is infectious in NIH/3T3 cells (Yang et al., 1980) . Moreover, the co-cultivation of the cytoplasmic fraction of cytochalasin B-enucleated, infected PCC4 cells with permissive cells allows the rescue of input virus. This strongly argues for the existence of biologically active proviral DNA molecules in infected embryonal carcinoma cells (M. Sall6, R. Emanoil-Ravicovitch & J. P6ri6s, unpublished results).
As the circularization of linear viral DNA occurs in the nucleus (Shank & Varmus, 1978) , the presence of form I DNA in infected PCC4 cells implies that the blocking events occur at the nuclear level. However, this localization of the block leaves open the question of the fate of these proviral forms in the non-susceptible undifferentiated PCC4 cells; they could be integrated as silent genes or carried as episomes as suggested by Speers et al. (1980) and Gautsch (1980) .
Integration of the viral genomes was examined by hybridization kinetics (Fig. 2 ). This showed a substantial difference between infected PCD1 and PCC4 cells, but no difference between infected and uninfected PCC4 cells. These results suggest a lack of integration of proviral DNA in the embryonal carcinoma cells. However, the liquid hybridization technique does not allow a rigorous distinction between integration and absence of integration of a few copies of proviral DNA into the host genome. Experiments done using the Southern blot technique (data not shown) could not solve the question either, because of the high background level of endogenous viral information present in the mouse (129 strain) genome and we are currently trying other approaches to overcome this difficulty.
Our data suggest that the integration of infecting proviral forms is impaired in PCC4 cells, or at least is less efficient than in differentiated susceptible ceils.
